M
ajor depressive disorder (MDD) is recognized as a major risk factor for cardiovascular disease (CVD) and mortality after myocardial infarction, 1,2 independent of traditional risk factors. 3 A bidirectional relationship between the cardiovascular system and altered mood states related to an inflammatory status has been suggested. 4 Also, conventional cardiovascular risk factors are more prevalent in MDD patients, confirming the association between depression and CVD. 5 Consumption of the omega-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) has been inversely related to the occurrence of cardiovascular events such as atherosclerosis or arrythmias 6 and to the incidence of MDD. [7] [8] [9] [10] [11] [12] Since EPA and DHA influence membrane fluidity, cytokine formation, and neurotransmission, they may play a role in the pathophysiology of MDD. 13 Moreover, EPA and DHA are required for human brain development 14 and may influence cellular aging by deceleration of telomere attrition 15 in general.
Large intervention studies in cardiovascular patients demonstrated reductions of serious clinical events with use of EPA and DHA, [16] [17] [18] but, also, studies without significant positive effects have been published recently. 19 Some, but not all, intervention studies demonstrated improved MDD after increased omega-3 fatty acid consumption. 7 Antidepressants, 20 or a combination of psychotherapy and selective serotonin reuptake inhibitors (SSRIs), 21 however, did not reduce the cardiovascular risk significantly. Even though the first study was designed and powered to demonstrate only antidepressant treatment effects, the results of both studies indicate the need for the investigation of new intervention strategies in larger studies.
The Omega-3 Index [22] [23] [24] [25] represents an individual's status for levels of EPA and DHA. The Omega-3 Index is determined in erythrocytes using a standardized and reproducible assay. 25 Since the Omega-3 Index correlates inversely with risk for adverse cardiovascular events, particularly sudden cardiac death, 22, 24, 25 it has been suggested as a risk factor for cardiovascular events. [22] [23] [24] [25] Vulnerabilities for MDD and other adverse neurodevelopmental [26] [27] [28] and neuropsychiatric 10 outcomes have also been linked to low levels of EPA and DHA. Whether a low Omega-3 Index indicates risk for MDD remained to be investigated.
In the present study, we investigated whether patients with MDD, but without CVD, differ in cardiovascular risk factors and in the Omega-3 Index from matched healthy controls. In an additional explorative analysis, we investigated the association between the proinflammatory cytokine interleukin-6 and the Omega-3 Index.
METHOD Study Design and Participants
We recruited 100 patients with MDD from inpatients at the Department of Psychiatry and Psychotherapy and 104 healthy controls from an outpatient clinic of the Division of Preventive Cardiology, Ludwig Maximilian University of Munich, Germany. Patients were diagnosed according to DSM-IV by experienced and trained psychiatrists using the Structured Clinical Interview for DSM-IV Axis I Disorders. 29 Only patients over 18 years of age with a depressive episode of at least moderate severity were included. The main inclusion criteria were unipolar depression and a score on the 17-item Hamilton Depression Rating Scale (HDRS-17) 30 of at least 17. Thirty-eight patients and controls were excluded due to somatic or psychiatric diagnoses detected after study inclusion, withdrawal of consent, and the procedure of exact matching for age and gender. Eighty-six patients and 80 controls remained in the final analysis.
Prior to the patients' inclusion in the study, blood samples were obtained for routine laboratory screening, a medical history was taken, and a physical examination was performed by a physician to exclude severe medical disorders. Clinically relevant medical illness (including diabetes mellitus or hyperlipidemia requiring treatment), neurologic illness, alcohol or drug abuse within the last 6 months prior to study inclusion (or withdrawal signs), and the concomitant use of antihypertensive medications such as angiotensin converting enzyme (ACE) inhibitors and β-blockers, as well as hormone replacement therapies, led to exclusion from the study. Due to application of the exclusion criteria, some risk factors of metabolic syndrome could be present, but a manifest metabolic syndrome according to World Health Organization 31 or International Diabetes Foundation 32 criteria was rare in both patients and controls. Exact dietary data were not assessed; the patients had free choice of 3 hospital meals, including the option, but not the obligation, to eat fish at least once a week.
After a washout period of at least 3 days prior to the blood sampling, the study patients received various antidepressant treatments. Changes in the depressive state were monitored using the HDRS-17, the Montgomery-Asberg Depression Rating Scale (MADRS), 33 the Beck Depression Inventory (BDI), 34 and the Clinical Global Impressions-Improvement (CGI-I) scale. 35 The primary criterion for treatment response was a 50% decline in the HDRS-17 sum score; remission was defined as an absolute HDRS-17 score below 7.
Mean ± SD age (MDD group vs controls: 49.9 ± 13.1 vs 50.6 ± 13.9 years) and gender distribution (61.6% male vs 62.5% female) showed no significant differences between groups. Psychiatric ratings indicated moderately severe depression in the MDD group (HDRS-17: 22.3 ± 5.4; MADRS: 32.7 ± 7.1; BDI: 26.8 ± 9.1; and CGI-I: 5.4 ± 0.52). The study was approved by the ethics committee of the medical faculty of Ludwig Maximilian University of Munich. Written informed consent was obtained from all patients and controls. The study was conducted from July 2004 to December 2007.
Procedures
In both groups, height and weight were measured and the body mass index was calculated (kg/m 2 ). Hip and waist circumference were measured to calculate the hip/waist ratio. At least 2 blood pressure determinations were made after the patient or control subject had been sitting for at least 5 minutes with the arm at heart level. Mean values were used for further analysis. Present and lifetime smoking status were assessed. Psychopharmacologic pretreatment was assessed. During the study, patients received various antidepressant treatments but no supplementation with omega-3 fatty acids.
Age-and sex-matched controls were recruited and screened for psychiatric and medical disorders. Only healthy individuals negative for both, as judged by trained specialists, entered the study. Blood samples for omega-3 fatty acid determinations were done at 8:00 am and under fasting conditions at baseline and before discharge.
After centrifugation of 10 mL of whole blood, serum and erythrocytes were stored at −80°C. All measurements were performed twice by single-blinded personnel.
Lipid parameters were determined using laboratory routine methods, including the Friedewald formula. Erythrocyte fatty acid composition was analyzed according to the HS-Omega-3 Index methodology as previously described. 22 Fatty acid methyl esters were generated from erythrocytes by acid transesterification and analyzed by gas chromatography using a GC2010 Gas Chromatograph (Shimadzu Deutschland GmbH, Duisburg, Germany) equipped with an SP2560, 100-mm column (Supelco Inc, Bellefonte, Pennsylvania) using hydrogen as carrier gas. Fatty acids were identified by comparison with a standard mixture of fatty acids characteristic of erythrocytes. Results are given as EPA plus DHA expressed as a percentage of total identified fatty acids after response factor correction. The coefficient of variation for EPA plus DHA was 5%. High-sensitivity interleukin-6 concentrations were measured using ELISA assay kits (R&D Systems, Minneapolis, Minnesota) according to the protocol delivered from the manufacturer.
Statistical Analysis
All analyses were performed using SPSS for Windows, Version 15.0.1 (SPSS Inc, Chicago, Illinois). The 1-sample Kolmogorov-Smirnov test was used to test normal distribution of all variables. Because some variables were not normally distributed, nonparametric comparisons of mean values using the Mann-Whitney U test for comparison of independent samples (MDD vs controls) and the Wilcoxon signed rank test to detect differences in the distributions of 2 related variables (MDD before and after treatment) were used. In the case of normally distributed variables, Student t tests were used. In the case of categorical variables, the frequencies were compared using χ 2 tests. We subdivided patients and controls into 3 groups according to the established risk estimation for sudden cardiac death using the Omega-3 Index (< 4%, 4%-8%, > 8%) and detected differences in interleukin-6 concentrations between the groups using the nonparametric Kruskal-Wallis test. Presupposing an α of .05, a statistical power (Mann-Whitney U test) of > 0.90 for the detection of clinically relevant differences between patients and healthy subjects could be reached with at least 80 patients per group. The level of significance was set at .05. Data are presented as mean ± SD in text or with standard error of the mean in Figure 2 . 32 for risk factors for the metabolic syndrome, elevated triglycerides exceeded the threshold of 150 mg/dL significantly more often in depressed patients (χ 2 = 10.9, P = .001); the same was true for fasting glucose values above 100 mg/dL (χ 2 = 10.1, P = .001), whereas high-density lipoprotein cholesterol was significantly more often too low (χ 2 = 4.9, P = .027). The other risk factors, waist circumference and blood pressure, were not significantly different. The full diagnosis of the metabolic syndrome according to International Diabetes Foundation criteria 32 was present only in 2 patients and 2 controls; the distribution was therefore not significantly different in the 2 groups (χ 2 = 0.005, P = .94). Apparently, also, the psychopharmacologic pretreatment did not facilitate the development of the metabolic syndrome in more patients. Thirty-seven patients (43.0% of the MDD group) received no psychopharmacologic pretreatment at the time of inclusion into the study; 6 patients (7.0%) received atypical neuroleptics to augment antidepressant treatments. Four of those (4.7%) received aripiprazole, which is known to not significantly enhance the risk for development of the metabolic syndrome; 1 (1.2%) received risperidone, which is known to cause a moderate risk enhancement; and 1 (1.2%) received olanzapine, which is known to enhance the risk markedly. In addition, 33 patients (38.4%) were pretreated with antidepressants; 19 of those (22.1%) were treated with mirtazapine (n = 18, 20.9%) and/or amitriptyline (n = 2, 2.3%), both of which may enhance the risk for the metabolic syndrome due to their inherent antihistaminergic properties. The majority of the pretreated patients (n = 22, 25.6%) received a combination therapy of antidepressants with atypical neuroleptics or hypnotics; only 11 patients (12.8%) received monotherapy with antidepressants. Thirty-four of the depressed patients (39.5%), but only 14 of the healthy probands (17.5%), were actually smokers (χ 2 = 8.46, P = .004).
RESULTS

Depressed
The Omega-3 Index was normally distributed in both groups and was significantly lower in MDD patients in comparison to healthy controls (3.93% ± 1.50% vs 5.14% ± 1.38%, respectively; t = −4.28, P < .001) ( Figure  1 ). In accordance with these findings, the distribution in predefined risk groups for sudden cardiac death was significantly different (χ 2 = 30.7, P < .001) (Figure 1 ). When analyzed separately, EPA (0.98% ± 0.64% vs 1.31% ± 0.66%; Z = −3.12, P = .002), do cosapentaenoic acid (1.54% ± 0.54% vs 1.90% ± 0.42%; Z = −3.53, P < .001), and DHA (2.96% ± 1.10% vs 3.84% ± 1.10%; Z = −4.04, P < .001) were also significantly lower in MDD patients.
Successful treatment of depression (treatment response or remission), which did not include supplementation with omega-3 fatty acids, did not change omega-3 fatty acid levels in patients. Response to antidepressant treatment was evaluated at week 2, week 4, and at time of discharge. Responder status did not influence omega-3 fatty acids significantly, and vice versa. Only at the time point before discharge, a nonsignificant trend toward a higher Omega-3 Index could be found in treatment responders (responders vs nonresponders: 4.04% ± 1.06% vs 3.19% ± 1.42%; t = −1.79, P = .083). Time to response was 30.4 ± 23.3 days, time to remission was 38.4 ± 25.1 days, and time to discharge was 60.2 ± 50.6 days. After 4 weeks of treatment, 36 patients (41.9%) were treatment responders. During the week before discharge, 66 patients (76.7%) could be classified as treatment responders.
After subdivision of patients and controls into groups of high, medium, and low levels of the Omega-3 Index, lower levels were associated with significantly higher concentrations of the proinflammatory acute-phase cytokine interleukin-6 (χ 2 = 7.8, P = .02) (Figure 2) . The interleukin-6 a Omega-3 Index distribution showing subdivision into 3 groups (< 4%, 4%-8%, and > 8%) according to risk stratification for sudden cardiac death. We presume that a significantly higher proportion of still cardiovascularly healthy MDD patients are at higher cardiovascular risk in comparison to healthy controls. Abbreviation: MDD = major depressive disorder. High Risk levels at baseline were not correlated with HDRS-17 scores (Spearman ρ = 0.14, P = .31, not significant).
DISCUSSION
In the present study, we found an enhanced metabolic risk profile and a lower Omega-3 Index in cardiovascularly healthy MDD patients as compared to matched healthy controls. The present metabolic data may be caused by unhealthy life styles (hypercaloric diet, low activity) and are therefore in line with reports about an association of such life styles with depressive symptoms, 36 but it remains a limitation of the presented study that no assessment of exact dietary data and daily activity was done. The smoking rates of about 39% in patients and 18% in healthy probands assessed in our study show deviation from mean values assessed by World Health Organization surveys within the time period of [2002] [2003] [2004] [2005] [2006] 37,38 indicating that a smoking rate of 27.4% within Germany and a rate of 28.6% within the European region could be found. An unhealthy lifestyle in our patients and, furthermore, a healthier-than-average life style in our healthy probands have therefore been confirmed, at least concerning smoking rate and also perhaps including nutritional factors. We therefore assume that our samples may be representative for depressed patients and for healthy, well-educated probands within a western European population. Nevertheless, local deviations may contribute to a relatively unhealthy diet, such as low fish consumption and subsequently low omega-3 fatty acid consumption in southern Bavaria in comparison to northern Germany or other northern European countries.
Previously, a low Omega-3 Index (< 4%) had been suggested as a risk factor for cardiovascular events, specifically for sudden cardiac death, whereas cardiovascular risk is thought to be minimal at levels between 8% and 11%. 22, 39 Therefore, the increased cardiovascular risk in MDD patients might be related to and indicated by their low Omega-3 Index. In line with these findings, low levels of DHA were found in MDD patients, particularly in those suffering from acute CVD. [40] [41] [42] [43] [44] The level of the Omega-3 Index depends on a number of factors including intake of unsaturated fatty acids. 39 Therefore, in our study, dietary differences between the MDD patients and controls may be one reason for the significantly different status of the Omega-3 Index in the 2 samples.
Increasing the Omega-3 Index to levels between 8% and 11% might be an attractive approach to reduce the cardiovascular risk in MDD patients. This approach is supported by the results of large-scale intervention studies in cardiovascular patients 16 but remains to be demonstrated in separate investigations in MDD. In CVD patients suffering from depression, no beneficial effects of EPA and DHA supplementation on psychiatric outcome could be demonstrated. 19 Our study did not investigate MDD patients with manifest CVD and was not an interventional study. Therefore, our study can provide evidence for the usefulness of the Omega-3 Index only as a biological marker for cardiovascular risk in MDD and, possibly, also for MDD. Previous intervention studies did not recruit participants on the basis of their Omega-3 Index and did not find uniform effects of EPA and DHA. 7 Targeting MDD patients with a low Omega-3 Index might be a promising approach for future intervention studies with EPA and DHA, but these supposed beneficial effects remain to be demonstrated in further prospective clinical trials. Up to now, several randomized controlled trials [45] [46] [47] [48] [49] [50] have demonstrated the superiority of adjunctive EPA or EPA/DHA combinations with antidepressants in the treatment of unipolar [45] [46] [47] [48] or bipolar 49, 50 depression, whereas EPA/DHA monotherapy has not been more efficacious than placebo treatment. 51 In addition, neutral studies using omega-3 fatty acids as an augmentation strategy with antidepressants, 52 with psychotherapy, 53 or as a relapse prevention strategy 54 have been published. One cause for neutral results may be the rapid and sustained improvement of mood due to the effectiveness of additional antidepressant treatments. 52, 53 Nevertheless, several reviews and meta-analyses confirmed the efficacy of omega-3 fatty acids in the treatment of depression 7, 43, 55 but demanded further research due to the significant heterogeneity among published studies. [55] [56] [57] Our data do not address the discussion of which omega-3 fatty acids (EPA, DHA, or combinations) and which dosages should be used in such studies.
The Omega-3 Index was lower in MDD patients than in controls. Previously, both decreased omega-3 fatty acid consumption 58 and low levels of omega-3 fatty acids 10, [41] [42] [43] [44] were found to be associated with depressive disorders. Chronic emotional stress seems to increase degradation of long-chain polyunsaturated fatty acids. 58 In addition, the frequent nicotine abuse in our patient group may have contributed to the lower Omega-3 Index because a Concentrations of the proinflammatory cytokine interleukin-6 are significantly (Kruskal-Wallis test: χ 2 2 = 7.8, P = .02) and inversely associated with the Omega-3 Index, a known risk factor for sudden cardiac death. The highest interleukin-6 concentrations could be observed in patients and controls with Omega-3 Index values below 4%, indicating antiinflammatory properties of EPA and DHA. Abbreviations: DHA = docosahexaenoic acid, EPA = eicosapentaenoic acid, MDD = major depressive disorder. levels of omega-3 fatty acids are found to be lower in smokers than in nonsmokers. 59, 60 Our data are descriptive and thus do not clarify whether low intake, increased degradation, or other effects lead to a low Omega-3 Index. This question should be addressed in further studies. However, our data indicate that a low Omega-3 Index might also be a risk indicator for MDD. After successful antidepressant treatment that did not include omega-3 fatty acid supplementation, fatty acid levels remained unchanged. Given the half-life of circulating red blood cells, the mean treatment interval until clinical response was achieved seems to be too short to influence omega-3 fatty acid concentrations significantly. This finding is in line with the results of intervention studies, which could not demonstrate an influence of antidepressant treatment such as SSRIs, or a combination of SSRIs with psychotherapy, on cardiovascular risk.
20,21 Levels of proinflammatory interleukin-6 were inversely related to the Omega-3 Index. This finding further supports the high risk for CVD and sudden cardiac death in MDD, 61 together with the high inflammatory activity in MDD 2 confirming potential antiinflammatory properties of EPA and DHA.
In conclusion, we found more pronounced conventional risk factors, lower proportions of polyunsaturated fatty acids, and a lower Omega-3 Index in MDD patients as compared to matched controls, which explains the increased cardiovascular risk of MDD patients at least to some extent. We therefore suggest a new approach for intervention studies using omega-3 fatty acids or omega-3 fatty acid-rich diets to reduce the cardiovascular risk of MDD patients preemptively and to augment antidepressive treatment, and we also suggest including lifestyle interventions. Moreover, a low Omega-3 Index (< 4%) might also be a risk factor or a novel biological risk marker for MDD.
